While much is known regarding morphogenetic factors involved in specification and differentiation of Rathke's pouch, less attention has been given to extracellular matrix (ECM) interactions involved in its formation. The present research investigated localization of two different chondroitin sulfate glycosaminoglycans (CS-GAGs), TC2 and d1C4, and versican CS-proteoglycan (PG) to identify additional ECM molecules involved in formation of the pituitary rudiment. Immunohistochemical evaluation of anterior pituitary primordia between HH15 and HH28 showed these ECM molecules prevalent in basement membrane and surrounding ECM underlying Rathke's epithelia and to a lesser extent between pouch epithelial cells. TC2/d1C4 CS-GAGs and versican showed changing and heterogeneous localization during pouch development that suggested specific roles in cell-ECM interaction during pituitary morphogenesis. TC2 antigen colocalized with versican at early stages in an asymmetric pattern, with particularly strong staining between ventral diencephalon and roof of Rathke's pouch while d1C4 CS-GAG encompassed the entire pouch by HH22 indicating association with a different CSPG. The heparan sulfate proteoglycan, perlecan, used to verify basement membrane structure, was a consistent component of Rathke's pouch. Data show a dynamic and heterogeneous pattern of CS-GAG and versican expression during early chick Rathke's pouch development that suggests new possibilities for ECM function in its establishment and growth.
Introduction
The pituitary gland is a small, lobed organ located at the base of the brain behind the optic chiasm in a concavity of the sphenoid bone. The anterior lobe or adenohypophysis derives from oral ectoderm and originates from Rathke's pouch [1] , a hollow diverticulum that extends upwards from the stomodeum to underlie the diencephalon in the region of the infundibulum. An outpocketing of the infundibulum forms the primordium of the posterior lobe or neurohypophysis. In the chick, it has also been suggested that formation of Rathke's pouch may include a neuroectodermal contribution along with its stomodeal origin [2] , with evagination and expansion toward the prechordal plate and anterior tip of the notochord underway by Hamburger and Hamilton stage 14 (HH14) [3] . Formation of lateral lobes at the lower end of Rathke's pouch by HH17/18 indicates beginning of the pars tuberalis and by HH25-28 developing glandular tissue of the pars distalis is evident during which time the proximal aspects of Rathke's pouch have become progressively constricted [4] . Over the next few days connection with the oral cavity deteriorates as the adenohypophysis continues glandular development. Synthesis of gonado-and thyrotropic hormones may be detected as early as HH25-29 and synthesis of other hormones follows shortly thereafter [5] .
While much has been learned regarding the role of paracrine bone morphogenetic protein (BMP), fibroblast growth factor (FGF), sonic hedgehog (Shh), and Wnt signaling in activation of genes necessary for anterior pituitary commitment and formation [6] [7] [8] [9] [10] [11] [12] , less attention has been given to the potential role of cell-extracellular matrix (ECM) interactions during morphogenesis of Rathke's pouch in avians or 2 International Journal of Embryology ECM involvement in pouch contact with the diencephalon. Early and pivotal studies of basement membrane laminin, collagen type IV, and fibronectin revealed close association with Rathke's pouch epithelium in the hamster and chick prior to glandular differentiation, providing suggestive evidence for an ECM role in pituitary development and maturation [13, 14] . Basement membranes are well known as important structures that do much more than provide support for epithelia. Indeed, basement membranes have heterogeneous molecular composition and diverse roles dependent on tissue needs and regulate multiple functions including proliferation, migration, cell signaling, and differentiation [15] .
Lectican family chondroitin sulfate proteoglycans (CSPGs) are important constituents of the ECM that are also selectively expressed in various embryonic basement membranes [16, 17] and function in numerous roles including matrix organization, growth, migration, and cell differentiation. One lectican CSPG, versican, has widespread distribution in the early embryonic ECM and its misexpression has been shown to disrupt cardiac [18] , limb [19, 20] , and joint development [20, 21] . Many CSPG functions are due to their complement of glycosaminoglycan (GAG) chains [22, 23] which may vary on a core protein dependent on tissue location and developmental stage. Heterogeneity of CS-GAGs in developing organs has been shown to correlate with key developmental events [17] , suggesting that particular CS-GAG structure (e.g., pattern and degree of sulfation) may be important in regulation of specific morphogenetic processes.
As few studies to date have identified ECM molecules expressed during early stages of anterior pituitary development [13, 14] , the purpose of the present research was to investigate localization of two different CS-GAG antigens and the versican CSPG in association with Rathke's pouch to identify additional ECM molecules that may be involved in formation of this important pituitary rudiment. Data herein show a dynamic and heterogeneous pattern of CS-GAG and versican expression during early chick Rathke's pouch development that suggests new possibilities for ECM function in its establishment and growth.
Materials and Methods

Antibodies.
Monoclonal TC2 IgM antibody was generated by in vitro immunization of naïve mouse splenocytes with a nitrocellulose bound peanut agglutinin-positive fraction from micromass cultures of precartilage chick limb mesenchyme [24] and recognizes a native chondroitinasesensitive epitope on GAGs enriched in chondroitin-4-sulfate from bovine trachea (Sigma). The d1C4 monoclonal IgM was produced by in vitro immunization through direct exposure of naïve mouse splenocytes to unfixed micromass cultures of precartilage chick limb mesenchyme [16] and recognizes a native chondroitinase-sensitive epitope on GAG chains enriched in chondroitin-6-sulfate from shark cartilage (Sigma). Initial experiments utilized CS-56 mouse IgM (Sigma) which also recognizes a native CS-GAG epitope and staining patterns showing marked overlap with d1C4 localization in neighboring sections (not shown). Affinity purified polyclonal rabbit anti-chick versican IgG, directed against the whole native core protein, thus recognizing all isoforms [25] , was a kind gift of Dr. Stanley Hoffman, Medical University of South Carolina. Anti-chick perlecan (clone 5C9) and anti-chick laminin (clone 3H11) mouse monoclonal IgGs were used to identify basement membrane structure and were obtained from the Developmental Studies Hybridoma Bank (University of Iowa, Iowa City, IA). Specimens were dewaxed in xylene, rehydrated through a graded ethanol series, washed in distilled water, and subjected to high temperature antigen retrieval using citrate buffer (pH 6.0; Vector Labs) for 20 minutes [26] . Samples were allowed to cool, rinsed with distilled water, and subjected to 10 U/mL Streptomyces hyaluronidase (Sigma) for 1 hour at 37 ∘ C in 30 mM sodium acetate, pH 5.2, containing 125 mM sodium chloride. Samples were washed thoroughly with phosphate buffered saline (PBS) before blocking 1 hour room temperature in 3% bovine serum albumin (BSA, Fraction V, Sigma) and 1% normal goat serum (Sigma) in PBS. Specimens were incubated overnight at 4 ∘ C in TC2, d1C4, 5C9, and 3H11 hybridoma supernatants without dilution and antiversican was used at 2.6 g/mL. Double labeling of antiversican with TC2 was performed routinely. Sections were washed with PBS and incubated 2 hours at room temperature in 3.5 g/mL FITC-conjugated-goat anti-mouse IgG or IgM (Cappel) or 7.0 g/mL rhodamine-conjugated goat anti-mouse IgG or goat anti-rabbit IgG (Cappel) in blocking buffer. Samples were washed thoroughly in PBS, postfixed in 80%/50% ethanol, equilibrated in PBS, and mounted in 10% PBS/90% glycerol containing 100 mg/mL 1,4-diazabicyclo (2.2.2) octane (DABCO; Sigma). Controls for immunohistochemistry included omission of primary antibody or use of an irrelevant primary antibody. Slides were examined and imaged using an Olympus BX-40 equipped with epifluorescence optics and QColor5 camera and software.
General anatomical descriptions were based on Romanoff [27] and Bellairs and Osmond [28] . Reference to the cranial portion of Rathke's pouch adjacent to the ventral diencephalon as the roof and the caudal component continuous with oral ectoderm as the floor was used to maintain consistency with earlier published descriptions of pouch morphology [2, 13] . Reference to the proximal pouch is that portion closer to the oral cavity and distal pouch refers to the pouch apex. All figures were oriented with diencephalon to the reader's left and stomodeum/oral cavity toward the bottom of each panel.
Results
Stage 15.
In early Rathke's pouch at HH15 (Figure 1 ) CS-GAG antigens enriched in chondroitin-6-sulfate (d1C4) and International Journal of Embryology antigen showed reduced staining in the distal half of the pouch roof, but TC2 antigen was localized in a largely uninterrupted pattern along the length of the diencephalon. Staining was also noted for both CS-GAG antibodies between roof epithelial cells, with d1C4 antigen having a more consistent intercellular signal in the proximal portion. Along the Rathke's pouch floor (Figures 1(e), 1(f), 1(h), and 1(i)) TC2 and d1C4 antigens were expressed strongly in the matrix separating it from the anterior extent of Seessel's pouch endoderm. At sites of Rathke's pouch attachment to Seessel's pouch [2] , TC2 reactivity was reduced, but d1C4 antigen was still evident, though patchy. Weak d1C4 immunoreactivity was noted around the distal tip of Rathke's pouch, but little TC2 antigen was localized at this site.
Versican CSPG codistributed with TC2 CS-GAG in association with Rathke's pouch (Figures 1(c) and 1(f)) and double labeling showed strong colocalization along the pouch roof and floor ( Figure 1(g) ). Double labeling with d1C4 and antiversican core protein antibody showed overlap of signal in some sites but did not reveal the same close colocalization in Rathke's pouch as noted for TC2 (not shown).
Since CS-GAG and versican immunostaining of Rathke's pouch ECM appeared in several sites to be associated with basement membrane structure, immunostaining was also performed for two characteristic basement membrane constituents, laminin and perlecan. The heparan sulfate proteoglycan perlecan, which may sometimes be substituted with CS-GAG chains [29] , codistributed closely with TC2 and versican ( Figure 1(j) ), suggesting their association with basement membrane at sites such as the pouch roof. Laminin signal (Figure 1(k) ) along the roof of Rathke's pouch was as reported previously [13] and similar to perlecan distribution. Along the pouch tip and floor both perlecan and laminin staining revealed a discontinuous basement membrane. Because of potential relevance to TC2 and d1C4 CS-GAG antigens as well as lack of information in general regarding perlecan association with Rathke's pouch development, antiperlecan was used for verification of basement membrane structure for the remainder of the study. Control specimens (Figure 1(l) ) showed little or no staining at all stages examined.
Stage 17. At HH17, midline TC2 CS-GAG expression (Figures 2(a)-2(d)
) again showed asymmetric distribution associated with Rathke's pouch with strong reactivity in the acellular matrix of the basement membrane of the pouch roof until reaching the infundibulum and reduced signal in the ECM along the floor that progressively diminished as the oral cavity was approached. Interestingly, again little TC2 staining occurred along the distal tip of Rathke's pouch which contacted the prechordal plate [2] . In slightly lateral sections, this pattern persisted and close colocalization of TC2 with versican CSPG was again observed (Figures 2(e)-2(h) ). TC2 antigen and versican showed little expression at the pouch tip and reduced expression along the pouch floor. While intercellular staining was noted between neuroepithelial cells of the adjacent diencephalon, only weak signal within Rathke's pouch epithelium was noted. Pericellular matrix of nearby head mesenchyme was weakly positive for both.
The d1C4 CS-GAG displayed robust uniform staining along pouch roof and floor and in surrounding mesoderm. Staining was also evident between neuroectoderm cells of the diencephalon as well as between Rathke's pouch epithelial cells (Figures 2(i) and 2(j) ). Like TC2 and versican, d1C4 localization was interrupted at the pouch tip.
Basement membrane perlecan overlapped with both CSGAGs and versican expression at sites surrounding Rathke's pouch. Perlecan localization showed that the basement membrane was continuous along the pouch floor at this stage but signal was also noticeably reduced at the pouch tip (Figure 2(k) ).
Stage 22.
Dynamic patterns of CS-GAG and versican CSPG expression associated with Rathke's pouch continued into HH22 (Figure 3 ). TC2 antigen stained strongly underlying the ventral diencephalon particularly in the immediate region of the pouch roof where there was now a wider interval between roof and diencephalon. TC2 exhibited diminished signal underneath the infundibulum (Figures 3(a) and 3(b) ). The pouch floor continued to display limited TC2 reactivity with exception of a small region of matrix toward its proximal aspect adjacent to developing glandular epithelium. Little staining of the distal pouch tip was apparent with TC2. The pericellular matrix of head mesenchyme surrounding Rathke's pouch stained positively and intercellular staining of neuroepithelial cells of the diencephalon was again noted. As in earlier stages versican CSPG colocalized closely with TC2 in Rathke's pouch, particularly along the roof, and also showed widespread staining of head mesenchyme ECM (Figures 3(c) , 3(e), and 3(f)).
In contrast to TC2 and versican, d1C4 CS-GAG (Figures 3(d) and 3(g)) surrounded the length of Rathke's pouch roof, tip, and floor in a basement membrane-like pattern. Little signal was observed underneath the infundibulum. Weak d1C4 reactivity between cells of the pouch roof epithelium was present whereas pouch floor epithelial cells showed little intercellular localization. Staining of the apical surface of distal pouch cells was also present. Intercellular d1C4 antigen was noted within the diencephalon as was widespread pericellular staining of head mesenchyme around Rathke's pouch.
Perlecan clearly showed separation of basement membrane structure between the roof of Rathke's pouch and the diencephalon and revealed that the d1C4 antigen was part of the ECM most closely associated with Rathke's pouch.
Stage 25.
At HH25 proximal connection of Rathke's pouch to the oral cavity had undergone constriction. As at HH22, TC2 (Figures 4(a) and 4(b) ) stained most heavily along the pouch roof and increased in intensity from its proximal aspect toward the pouch tip, which at this stage evidenced patchy expression of TC2. Weak TC2 CS-GAG expression along the tip continued beneath the floor in its distal third. Overall lighter staining was seen in Rathke's epithelia and along the apical edge of cells, particularly in more distal reaches of the floor, as was intercellular staining within the diencephalon above the distal pouch. At this stage versican
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * nt nt n n n n n n nt n n nt nt nt nt t nt nt n nt n nt t t nt nt n n nt nt n nt nt n n n nt n n n n n nt nt t t expression (Figures 4(c) and 4(d) ) began to clearly diverge from TC2 localization. There was ECM colocalization for much of the pouch roof; however, versican was largely absent from the distal pouch tip and also from the distal third of the floor that was enriched in the TC2 CS-GAG. Versican, however, was found underlying the floor in the proximal half of Rathke's pouch. TC2 and versican exhibited some overlap in the diencephalon but only little within epithelial cells of Rathke's pouch. As at earlier stages, versican stained pericellular matrix around head mesenchyme. The d1C4 antigen was also found along the pouch roof in a somewhat discontinuous basement membrane-like pattern though not so abundantly as for TC2 and versican (Figure 4(e) ). Interestingly, like versican, d1C4 CS-GAG was not seen around the pouch tip and was largely absent from the distal pouch floor, but expression abruptly resumed in its proximal half. D1C4 staining was clearly observed within the diencephalon, but only weak staining was noted between cells of Rathke's pouch epithelium. Weak apical staining of epithelial cells in the distal aspect of the pouch was also seen.
Perlecan localization (Figure 4(f) ) showed that basement membrane enshrouded Rathke's pouch although signal appeared slightly stronger in proximal and mid reaches of the pouch roof, where again separate, distinct basement membranes were apparent as distance increased between the diencephalon and roof of Rathke's pouch. Along the pouch floor perlecan staining was weaker and somewhat diffuse in appearance.
Stage 28.
At HH28 cephalic and caudal lobes of the pars distalis were evident ( Figure 5 ). TC2 CS-GAG staining (Figures 5(a) and 5(b) ) was less pronounced in intensity relative to earlier stages and confined mostly to the roof of the caudal lobe and adjacent sparse mesenchyme beneath the ventral diencephalon. Intercellular staining was also evident between cells comprising this lobe, although signal was more prevalent in the roof epithelium. Staining along the apical surface of caudal lobe epithelia could also be seen. TC2 stained around the distal tip of the caudal lobe at point of contact with the infundibulum and underneath the lobe floor in its distal aspect. Little or no TC2 reactivity in the diencephalon was evident. TC2 CS-GAG in the cephalic lobe was largely confined to its perimeter and nearby mesenchyme, more so in its proximal aspect. Light staining between developing glandular cells of the cephalic lobe was seen as was weak intercellular staining in upper epithelial cells of the narrowed pouch connection to the oral cavity. Little overlap of TC2 antigen with versican was noted at this stage with exception of some peripheral staining around the cephalic lobe and along distal floor of the caudal lobe extending toward the infundibulum (Figures 5(c) and 5(d) ). Weak versican staining between epithelial cells of the caudal lobe, antigen and versican double label shows limited colocalization associated with Rathke's pouch (arrow, arrowheads) but can clearly be seen in surrounding mesoderm. (e) d1C4 CS-GAG is localized within and beneath the diencephalon and along roof of the caudal lobe (arrow). Note reduced staining underlying infundibulum and distal floor of caudal lobe (small arrowhead). Weak staining is noted around cells of the cephalic lobe. Slight staining of epithelia and basement membrane underlying distal connection to oral cavity is present (large arrowhead). (f) Perlecan (pl) demarcates basement membrane surrounding the pituitary rudiment. Note distinct basement membrane structures associated with diencephalon and caudal lobe (arrow, small arrowhead) and fusion at site of contact with infundibulum. Reduced perlecan expression can be seen associated with the roof side connection to oral cavity (large arrowhead). Scale bar in (b) =100 m (a-f).
particularly along the floor, was seen. Overall, Rathke's pouch associated versican immunoreactivity was much reduced at this stage, although head mesoderm and neuroepithelia of the diencephalon remained clearly positive.
Staining for the d1C4 CS-GAG was also much reduced relative to earlier stages with localization most prevalent along the roof of the caudal lobe similar to TC2 (Figure 5(e) ). Staining was also evident underlying the ventral diencephalon and between neuroepithelia, although this was reduced in the infundibulum. D1C4 reactivity was also much decreased at point of contact between the caudal lobe and infundibulum. Staining along the floor of the caudal lobe and around the cephalic lobe appeared largely associated with surrounding mesodermal ECM. Light d1C4 staining along the apical epithelial surface of the caudal lobe and intercellular staining between developing glandular cells of the cephalic lobe was also seen. Pouch connection to the oral cavity showed limited d1C4 staining along its edges and between pouch epithelia close to the oral cavity.
Perlecan ( Figure 5(f) ) again revealed basement membrane staining around the entire anterior pituitary rudiment as well as fusion of Rathke's pouch basement membrane with that of the infundibulum at point of contact. Interestingly perlecan stained less intensely along the narrowed pouch connection to the oral cavity along its roof.
At later stages of anterior pituitary development (e.g., HH38), staining for CS-GAGs and versican was reduced greatly with little TC2 CS-GAG or versican core protein immunoreactivity observed. The d1C4 CS-GAG exhibited areas of low level localization around the periphery of the gland that possibly represented early stages of connective tissue capsule formation [28] (not shown).
Discussion
The present study provided new information that at least two CS-GAG antigens and the versican CSPG are expressed during formation and early differentiation of Rathke's pouch. It also showed that these ECM molecules are prevalent in the basement membrane and immediately surrounding ECM underlying Rathke's epithelia and found to a lesser extent between cells of the pouch epithelium. Moreover, the TC2/d1C4 CS-GAGs and versican show changing localization during pouch development that suggests specific functions for these molecules in cell-ECM interactions during anterior pituitary morphogenesis. The heparan sulfate proteoglycan, perlecan, was also shown to be a consistent component of Rathke's pouch basement membrane.
At stages prior to HH25, the TC2 CS-GAG and versican colocalized closely in Rathke's pouch, suggesting that the TC2 International Journal of Embryology 9 CS-GAG may be found on the versican core protein during early pouch formation as noted previously in endocardial cushion tissues [18, 24] . The d1C4 CS-GAG overlapped with TC2 and versican at some sites and codistributed with versican along the proximal pouch floor at HH25; thus it is possible that a changing, developmentally regulated GAG complement on versican that included the d1C4 antigen may occur during pituitary maturation. Clearly the d1C4 CS-GAG was also borne by one or more CSPGs other than versican at most stages examined, one likely candidate being the basement membrane CSPG, bamacan [29] , although to our knowledge antibody to chick bamacan is not currently available commercially. D1C4 and TC2 CS-GAGs also codistributed with perlecan in discrete areas of basement membrane structure; thus it is possible that TC2 and d1C4 epitopes could be found on perlecan at some sites since perlecan can bear chondroitin sulfate chains in addition to heparan sulfate [29] .
Although versican and CS-GAG localization was noted in areas other than Rathke's pouch including ECM of head mesenchyme and neuroepithelium of the diencephalon, the basement membrane and associated ECM underlying Rathke's pouch epithelia was a major site of expression. Versican expression in the developing brain and its upregulation in glia during CNS injury has been well studied [30, 31] , however, versican's potential role in adenohypophyseal development is not known, although it has been found previously as a constituent of basement membranes in several locations including heart, somites, notochord, neural tube, and vascular tissues [24, 32, 33] . It is possible that versican expression in and around Rathke's pouch may be regulated by Shh and/or canonical Wnt signaling [34] , local factors present and necessary for early anterior pituitary formation (reviewed in [12] ).
At early stages (HH15-22) versican and TC2 CS-GAG showed an asymmetric localization around Rathke's pouch relative to d1C4 CAS-GAG and perlecan. Versican and TC2 expression was particularly strong in the basement membrane and intervening matrix between the diencephalon and Rathke's pouch epithelium. However, expression was essentially absent at the tip or apex of Rathke's pouch prior to HH25, particularly around site of contact with the prechordal plate at the earliest stages examined. This was an interesting observation since to our knowledge little is known of cell-matrix interactions between Rathke's epithelia and prechordal plate [2] , adjacent head mesenchyme, or role in possible cell contact with the overlying neuroectoderm. Versican and TC2 localization appeared with decreasing intensity over time in the basement membrane and associated ECM in the distal portion of the pouch floor. The d1C4 CS-GAG on the other hand was initially incomplete in ECM surrounding Rathke's pouch and then "filled in" a basement membranelike pattern surrounding roof and floor of Rathke's epithelium by HH22. At HH28 GSU, the common precursor to luteinizing hormone and thyroid stimulating hormone is highly expressed in the forming cephalic lobe of pars distalis [35] at which time versican, TC2, and d1C4 immunoreactivities appear reduced overall surrounding ECM as compared to earlier stages, although TC2 CS-GAG maintains expression in roof epithelia and adjacent mesenchyme of the caudal lobe. This pattern is different from that of versican and suggests association of TC2 antigen with another unidentified CSPG as noted earlier for d1C4. To our knowledge, however, little is known at this time of potential CS-GAG or CSPG relationship to endocrine cell differentiation in vivo. The stage dependent dynamic heterogeneity in versican and CS-GAG expression documented in the present study raises the question as to why versican core protein and different CS-GAGs enriched in either chondroitin-4-sulfate or chondroitin-6-sulfate are strategically expressed within and around the adenohypophyseal primordium.
Basement membranes are specialized, interacting ECM complexes comprised of several major proteins including collagen type IV, laminin, nidogen/entactin, and perlecan, supplemented by numerous other glycoproteins and proteoglycans that provide diverse biologic functions dependent on specific needs of epithelial tissues [15, 36] . In addition to service as a supporting scaffold, basement membranes regulate proliferation, migration, cell signaling, and differentiation, many of these activities through integrin signaling [15] . Interestingly, the catalog of interactions and functions generally attributed to CSPGs and their CS-GAG chains are very similar to those of basement membranes [22, 23, 37] . Definitive understanding of versican function in adenohypophyseal development will require its conditional deletion in Rathke's epithelia as complete loss of functional versican in the hdf mouse is embryonic lethal at an early stage due to severe cardiac defects [18] . However, the expression pattern of versican CSPG core protein and TC2/d1C4 CS-GAGs seen here suggest several interesting possibilities with regard to function. For example, versican may facilitate observed proliferation in the early pouch rudiment [35] through interaction of its G3 domain [37] with EGF receptors expressed by Rathke's pouch epithelium [38] . Antiadhesive cell-matrix interactions mediated by versican G1 domain binding to hyaluronan or G3 domain interference with fibronectinintegrin attachment [37] may aid elongation and extension of pouch structure. Alternatively, strong expression of versican/TC2 CS-GAG in the intervening matrix between the roof of Rathke's pouch and ventral diencephalon might simply serve a barrier function to prevent improper axonal migration [32] .
A particularly interesting possibility for differential expression of CS-GAGs associated with versican and other CSPGs during anterior pituitary development is the potential for selective modulation of paracrine factor activities that regulate Rathke's pouch morphogenesis and differentiation. Recent studies have shown that different CS-GAGs can bind specific growth factors such as BMP, Fgf, and Shh with varying affinity [22, 39, 40] , enabling or inhibiting ligand delivery to receptors or sequestering needed factors in close proximity to responding cells. BMP, Fgfs, and Shh are all important in anterior pituitary commitment and differentiation and are expressed by the ventral diencephalon and other tissues such as Seessel's pouch endoderm or oral ectoderm [9, 10, 12, 35] . One possible function for CSPG expression lining the roof of Rathke's pouch could be to regulate levels of BMP4, Shh, and Fgf8 that reach receptors on Rathke's epithelia, as overexpression of these factors has been shown to cause pituitary hyperplasia [9, 10] . This would likely involve cooperation of basement membrane heparan sulfate proteoglycans known to bind and regulate function of several growth factors including Fgfs and Shh [22] . Indeed, it has been shown that CS-GAG chains on perlecan can inhibit heparan sulfate-bound Fgf delivery to Fgf receptors [41] . Heterogeneity and changes in stage dependent expression observed in the present study with regard to TC2 and d1C4 CS-GAG localization may reflect changing needs of Rathke's pouch epithelia to instructional information from inductive tissues such as the ventral diencephalon and infundibulum. Changing patterns of CS-GAG expression suggest the importance of specific carbohydrate structures to anterior pituitary development as observed with varying CS-GAG sulfation profiles for versican in the developing brain [42] .
Conclusions
Results clearly provide new evidence that two CS-GAGs (TC2 and d1C4, enriched in chondroitin-4-sulfate and chondroitin-6-sulfate, resp.), the versican CSPG, and basement membrane perlecan are found associated with Rathke's pouch epithelium in the chick thus broadening the list of ECM molecules identified during early stages of adenohypophyseal development. CS-GAGs and versican were localized in basement membrane and surrounding ECM underlying Rathke's epithelia and also between epithelial cells of the pouch. Colocalization revealed that TC2 was likely found on the versican core protein during early stages of Rathke's pouch development while d1C4 CS-GAG was present on at least one other unidentified CSPG. CS-GAGs showed heterogeneous localization during pouch morphogenesis that suggests developmental regulation and specific roles for versican, TC2 and d1C4 antigens in cell-ECM interactions in anterior pituitary development.
